Even though research suggests that the use of drawings could be an important part of learning science, learnergenerated drawings have not received much attention in physics classrooms. This article presents a method for recording students' drawings and group discussions using tablets. Compared to pen and paper, tablets offer unique benefits, which include the recording of the whole drawing process and of the discussion associated with the drawing. A study, which investigated the use of drawings and the need for guidance among Finnish upper secondary school students, is presented alongside ideas for teachers on how to see drawing in a new light.
Introduction
How often are students asked to examine a drawing from a textbook or by their teacher in physics classrooms? In contrast, how often are students asked to produce their own drawings? It is quite probable that the examination of drawings happens more often than the production of drawings. Physics teachers know that the use of visual materials (diagrams, graphs etc.) is very important both in physics and physics education. This is also supported by research (Ainsworth, Prain, & Tytler, 2011) which suggests that it increases motivation to learning and deepen the understanding about the specific conventions of the visual material among other benefits. However, in science education, the focus is very often on interpreting drawings made by others (Ainsworth et al., 2011) . Even when the students are told to draw, it is rare that they are encouraged to develop their own ways of drawing that could help them develop their understanding (Van Meter & Garner, 2005) .
Drawings are also a way to scaffold learning for students who have difficulties with text, such as immigrants or children with learning disabilities. They can even aid in the development of language skills (Hope, 2008) . The use of drawings in combination with text as a learning strategy can also be seen as a use of multiple representations (MRs) in the classroom. The benefits of the utilisation of MRs have been reviewed in a recent article in this journal (Savinainen, Nieminen, Makynen, & Viiri, 2013) .
There have been some empirical studies on the benefits of the use of learner-generated drawings. A meta-analysis about research on learner-generated drawings has identified some common claims for its benefits (Van Meter & Garner, 2005) . These benefits include improvements in text comprehension, increased levels of involvement with the target content, and the use of higher-order thinking. Previous studies have indicated that students' drawings are more accurate when they are Using tablets as tools for learner-generated drawings in the context of teaching kinetic theory of gases allowed to compare their drawing with another drawing (Van Meter, Aleksic, Schwartz, & Garner, 2006) . It has also been suggested that there is a link between the accuracy of student-generated drawings and learning outcomes (Van Meter & Garner, 2005) . However, this suggestion has only limited empirical support.
Using tablets to study drawing
The digital age has brought new possibilities for drawing, e.g. the use of tablets. These devices allow new ways of gathering information about students' knowledge, and teachers can use multimodal resources, including drawings, video, and audio. In particular, these technologies allow the teacher to capture the whole drawing process, from the first line to the last. When using pen and paper for drawing, the only information that the teacher receives is the final product, which is the finished drawing.
There is usually no way to see how the student got to that drawing or what alternative types of drawing he/she tried before choosing the final one. The use of a tablet enables the whole drawing process to be compiled into a video that starts from a blank canvas and finishes with the final drawing. Furthermore, the students' discussions can also be recorded alongside the drawing when using tablets.
This may give new insights to the students' content knowledge.
A special application is required to record drawings. The application used in the study reported in this paper was Educreations for the iPad (Educreations, 2013) . This application was chosen because it is free, and the interface is simple and easy to utilise. The application is intended to create animated lessons but it can also be used for recording drawings and conversations. It has its limitations (e.g., the drawing tools are minimal) but it is good enough for basic drawings.
Description of a study on learner-generated drawings
Our study investigated how a group of Finnish upper secondary school physics students (n = 36, aged 17-18) used drawings as a tool for sharing information in the context of kinetic theory of gases. More precisely, the effect of guidance on the accuracy of the drawing process was studied.
The subject for the students' drawings was the kinetic theory of gases and ideal gas law. The students had taken an optional physics course on thermodynamics a year before the study. This gave us a chance to study the effect that textbook illustrations have on the drawings. First, the students read a short text on the kinetic theory of gases and ideal gas. Second, they were asked to produce a drawing in which they represented ideal gas as well as they could, using a tablet. They also had to draw their answers to assignments, producing drawings that represented what happens in a gas when the volume of the gas container is reduced to half or when half of the gas is removed from the container.
The students were randomly placed in groups of two or three. The groups were randomly assigned to two different condition groups. The assisted group (AS group, 8 groups of two) were provided with another drawing (drawing c, in figure 2) to which they could compare their first drawings.
Using tablets as tools for learner-generated drawings in the context of teaching kinetic theory of gases The unassisted group (UA group, 7 groups of two and two groups of three) were not provided with this drawing. Figure 1 shows the study procedure. The accuracy of the drawings was determined by five predefined elements in the drawings.
These five elements were divided into two categories and are presented in Table 1 : 
Elements

Properties of the particles Collisions of the particles
The particles are point-like X
The particles move randomly X
The particles move rectilinearly X
The particles collide with each other X The particles collide with the walls of the container X Using tablets as tools for learner-generated drawings in the context of teaching kinetic theory of gases
The results of the study
The summary of the results regarding the assignments are provided in Table 2 . (54) 9 (32) 22 (36) The χ2-test was conducted for the studying statistical difference between the qualities of the UA and AS groups' drawings and Cramer's V was calculated to determine the effect size. The p value of ≤ 0.05 was considered statistically significant. There was no significant difference between the groups before the comparison [χ2 (1, N = 51) = .36, p = .55; Cramer's V = .08 for category 1 and χ2 Most of the students' drawings resembled the canonical illustrations of the kinetic theory of gases found in textbooks with the particles inside a closed container. It seems that the students remembered the style of the drawings from the textbook they had used to study thermodynamics. An observation could be made from the study data: even if the students had developed their own, uncanonical style of visualization before they saw the provided illustration, they produced more canonical drawings after seeing the illustration. Drawings of one pair before comparison (drawing a) and after comparison (drawing b) are shown in Figure 2 . It seems that the students adopted the style of the provided illustration sketched by the researcher with the iPad (drawing c) and thought it to be the "correct style". This copying of styles has its upsides and its downsides. The students might have difficulty interpreting the canonical visualizations in science if they do not learn how to produce them themselves. On the other hand, students should be allowed to create their own types of visual representations because that helps them to process information.
Using tablets as tools for learner-generated drawings in the context of teaching kinetic theory of gases In these kinds of situations, the strength of a tablet as a tool for recording the drawings is evident. The deletion could have been missed otherwise. It also highlights the strength of using drawings in learning: they force the students to process their knowledge in order to present it freely in a visual form. Figure 3 shows the drawing process for an assignment that required the students to draw their conception of what happens in the gas when the volume of the gas is halved. First, the students draw a gas container with gas particles in it (drawing d) and then add arrows to visualize the movement of the particles (drawing e). One of the students tries to justify the decrease in pressure by using the (incorrect) equation that the students used to define pressure (drawing f). During the discourse, the student notices that there is something wrong in the equation. Instead of trying to attempt to correct the equation, the student just deletes it (drawing g).
Using tablets as tools for learner-generated drawings in the context of teaching kinetic theory of gases The excerpt shows that student B is confused when his incorrect definition calls for the surface area of the container to increase when he knows that it decreases when the container's volume is deUsing tablets as tools for learner-generated drawings in the context of teaching kinetic theory of gases creased. Student A confirms that the area should decrease. This causes B to discard his attempt to use the definition of pressure to validate the increase in pressure; he just uses the increased frequency of collision as validation for the increase. This is also a correct way to validate the increase in pressure.
Benefits for teachers
How can this study benefit teachers in their everyday work? More attention could be paid to guiding the students' drawings processes. Scott and Jewitt (2003) contend that teachers often pay more attention to the scientific accuracy of text produced by students than to the drawings they produce. Teachers also find it easier to guide the students' production of text than of drawings. The comparison method used in this study is one method to guide drawing. Driver (1983, p. 13 ) offers another example of how a teacher can guide the students, by giving them a clear question for which the students try to seek an answer through drawing.
The use of tablets gives teachers a unique method of gaining additional knowledge about the students' grasp of the content. The discussion associated with the drawings can put the drawings themselves in a new light. They also enable the teachers to let students use, for instance, photographs as a background for their drawings. For example, the students' knowledge of laboratory equipment could be tested by taking a picture of common laboratory equipment and instructing the students to write the names of the objects in the photograph. All in all, the use of tablets in education gives new possibilities for teacher and there is still a lot to be studied concerning their use.
